ABSTRAm. The relationship between the development of cytotoxic cellular immune response to herpes simplex virus type I (HSV-1)-infected autologous cells and the production of interferon (IFN) was studied using in vitro secondary sensitization of peripheral blood leukocytes in subjects with recurrent herpes labialis (RHL) and in normal controls without any history of recurrent herpes labialis. There was a significant discordance between optimal HSV-1 antigen dose required for induction of peak cytotoxic responses and for maximal activity of IFN. Moderate IFN activity (6-100 U/ml) was demonstrated in all HSV-1 antigen-stimulated peripheral blood leukocytes collected from subjects during both acute and convalescent phase of RHL. However, only 50% of seropositive controls and no seronegative controls exhibited detectable IFN activity, when stimulated with HSV-1 antigen, although such in vitro stimulation resulted in maximal virus-specific cell-mediated cytotoxicity. A correlation of virus specific cytotoxic activity to HSV-1 and IFN production ( r = 0.38, p < 0.05) was less marked than that of cytotoxic activity to K562 (natural killer-sensitive target cells) and IFN titer (r = 0.48, p < 0.01). Furthermore significant reverse correlations between cytotoxicity against HSV-1-infected autologous cells and a titer of y-IFN was observed in samples with high cytotoxic activity. These observations suggest that y-IFN produced by HSV immune T cell may also act as an autoregulatory factor against the production of cytotoxic cellular activity against HSV-1-infected autologous cells. (Pediatr Res 20:905-908, 1986) Abbreviations HSV-1, herpes simplex virus type 1 IFN, interferon PBL, peripheral blood leukocytes RHL, recurrent herpes labialis NK, natural killer CTL, cytotoxic T lymphocyte PFU, plaque-forming unit FCS, fetal calf serum PHA-P, phytohemagglutinin-P CPE, cytopathic effect NIH, National Institutes of Health
After primary infection with HSV-1, a significant proportion of individuals exhibit recurrences (1). Although the pathophysiologic mechanisms initiating such reactivation of infection are not yet fully determined, it is generally believed that cell-mediated immunity, via specific lymphokine production or generation of CTL responses, play an important role in the control of HSV-1 infection (2) (3) (4) (5) (6) (7) . In a previous study (8) we have shown Leu-2' or Leu-3' T cell-mediated cytotoxic activity against HSV-1 infected autologous cells in patients with RHL using in vitro secondary stimulation with HSV-1. Other investigators have reported that a-and y-IFN are produced by PBL of RHL patients (4, 9) or HSV seropositive subjects (3) stimulated with HSV-1 in vitro. T cell population appears to produce y-IFN (9) .
The immunoregulatory functions of IFN are currently of great interest especially in viral infections (10) . Augmentation of NK cell activity by a-or y-IFN (1 1) and induction of active CTL by y-IFN (1 2) have been reported. The role of IFN as an autoregulatory factor that may modulate sensitization and proliferation of effector cells has also been reported (13, 14) . The present study was initiated to explore the correlation of these two parameters of cell mediated immunity, namely cellular cytotoxicity and IFN production, in recurrent HSV-1 infection using in vitro secondary stimulation of PBL of RHL subjects with HSV-I antigens.
MATERIALS AND METHODS
Study population. The patients population consisted of 12 patients with RHL. The age ranged from 27 to 52 yr. All subjects were in good health. Heparinized specimens of peripheral blood were available for immunologic investigations during acute (0-3 day) and convalescent (2-3 wk) phase of RHL. The diagnosis of RHL was made as described previously (8) . The control subjects for these studies consisted of 11 HSV antibody seronegative subjects and 10 HSV antibody seropositive subjects without any history of recurrent HSV infection.
Preparation of effector and target cells.
Procedures for preparation of effector and target cells have been described in detail previously (8) . Briefly, fresh lymphocytes were separated from a single specimen of blood by flotation on Ficoll-Hypaque. The cells were resuspended to 2 x 106/ml in RPMI 1640 medium supplemented 25 mM HEPES buffer and 10% heat-inactivated normal human AB serum. For preparation of effector cells, 4 ml of the cell suspension was cultured in plastic flasks (Costar, Cambridge, MA) in the presence of UV-inactivated HSV-I or control antigen in an incubator with an atmosphere of 5% C 0 2 at 37" C. After 6 days, supernatant fluid from cultures with HSV-1 or control antigen was removed and stored at -70" C for IFN assay. The number of viable cells of cultured lymphocytes was determined by trypan blue exclusion, and cells were suspended at 2 x 106/ml in assay medium; RPMI 1640 medium with 25 mM HEPES buffer and 10% FCS (GIBCO, Grand Island, NY). Target cells were prepared from the original lymphocyte suspension. They were maintained in RPMI 1640 medium-supplemented 25 mM HEPES buffer and 10% FCS for 3 days and were subsequently stimulated by PHA-P (final concentration, 0.2%), (Difco Laboratories, Detroit, MI) for 2 days. One day before cytotoxicity test, PHA-stimulated lymphocytes were incubated at 37" C for 90 min with live HSV-1 at a multiplicity of infection of 40-50 in 0.5 ml of serum free RPMI 1640 medium. The cells were incubated for another 16-18 h and labeled with 100 pCi of Na2"Cr04 (New England Nuclear, Boston, MA) for 1 h at 37" C. The cells were washed and suspended in assay medium at 5 x 1 04/ml. The K562 cell cultures continuously grown in RPMI-1640 medium supplemented at 25 mM HEPES buffer and 5% FCS were labeled in a similar manner and used as nonspecific target cells.
Cytotoxicity assay. The cytotoxicity assay was performed by a standard method (1 5). A 100-pl portion of the target cell suspension (5 x lo3 per well) and the same volume of effector cell suspension (2 x 105 per well) were placed in a round-bottomed microculture plate (Costar, Cambridge, MA); the plate was then centrifuged at 250 x g for 3 min. After incubation for 5 h at 37" C, the radioactivity in 100 p1 of the supernatant was counted and the percent specific lysis was calculated as previously described (1 5).
The specificity of the effector cells in recognizing viral surface antigens on autologous target cell was examined by using autologous lymphocytes infected with another unrelated non-DNA virus, the mumps virus. Effector cells of mumps seropositive subjects cultured with UV-irradiated mumps virus could effectively lyse autologous mumps virus-infected targets, suggesting that these target cells were susceptible to virus-specific cellmediated cytotoxicity. However, HSV-1-stimulated autologous effector cells could not lyse mumps virus-infected or uninfected cells. Significantly, however, such effectors exhibited high cytotoxic activity to HSV-1-infected targets (8) .
IFN assay. Human IFN was quantitated on human foreskin fibroblasts (strain GB-9) by CPE inhibition assay as described previously (16) . In brief, 2.5 x lo4 cells were incubated with duplicate 2-fold serial dilutions of supernatant fluid in 96-well microtiter plate (Falcon 3072; Becton Dickinson Labware, Oxnard, CA) for 24 h at 37" C and then challenged with vesicular stomatitus virus. Virus-induced CPE was evaluated at 48-72 h after infection. The IFN titer was defined as the reciprocal of the highest dilution of sample which protected 50% of the cell monolayer. A NIH standard a-IFN was run with each assay. The values for IFN titers measured were expressed as the geometric mean after logarithmic conversion of titers. Titers of <6 U were assigned a value of 1.5 U before logarithmic conversion.
Determination of a-IFN and 7-IFN. The amount of a-IFN and 7-IFN was determined by specific neutralization. Antibody to a-IFN (NIH standard G-026-502-568 with a potency of 1,875,000 neutralizing U10.5 ml) and monoclonal antibody to y I F N (20,000 neutralizing U/ml) (Meloy Laboratories, Springfield, VA) were diluted to twice the number of IFN neutralizing units in the sample to be tested. Equal volumes of antibody and sample were incubated at 37" C for 1 h and residual IFN activity was assayed in parallel with the original sample.
Virus. Vero cell culture-grown HSV-I (HF strain) was partially purified by centrifugation, as described previously (8) . The virus was suspended in serum-free RPMI-1640 medium and before use had a titer of 5 x 10' PFU/ml. The control antigen was prepared from uninfected Vero cells. Inactivation of virus was done by ultraviolet irradication (8) .
Neutralizing antibody. HSV specific neutralizing antibody for serum was quantitated in semimicrotiter plates by using HF HSV-I in Vero cell monolayers as the indicator system as described previously (8) .
Statistics. Differences between study groups in terms of IFN production were analyzed using Wilcoxon rank sum test. Correlation coefficients between cytotoxic activity and IFN production were calculated by the methods of least squares.
RESULTS

Dose response of IFN production and cytotoxic activity.
To determine the optimal concentration of HSV antigen required for IFN and production of cellular cytotoxicity, we first investigated the IFN titer of culture supernatants and the cytotoxic activity of effector cells that had been incubated for 6 days with various amounts of antigen, i.e. 0.75 x 10' to 2.25 x 106 PFU/ ml of UV inactivated HSV-1. At high antigen concentration (e.g. 2 .25 x lo6 PFU/ml), the cytotoxic activity to HSV-1-infected autologous cells was submaximal, but at the same concentration of HSV antigen, the IFN titers were maximal (data not shown). Correlation of IFN production and cytotoxic activity against HSV-I infected autologous cells or K562 cells. As described previously (8), higher cytotoxic activity against HSV-1-infected autologous cells was observed in RHL subjects. We next examined the correlation of IFN production and the generation of cytotoxic activity in vitro against autologous and K562 target cells in an effort to relate it to IFN production. A positive correlation could be demonstrated between the cytotoxicity to HSV-1-infected autologous cells and IFN production ( r = 0.38, p < 0.05, Fig. 2 ). However, a significantly positive correlation was noted for cytotoxicity to K562 cells and the levels of IFN ( r = 0.46, p < 0.01, Fig. 3 ).
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Seroneg. Seropos. Acute Convol. Fig. 1 . Titers of HSV-I antigen-stimulated lymphocyte-derived IFN level (U/ml) in control subjects (A) and patients with RHL (0). Geometric mean titers were indicated for each group of subjects by horizontal bars.
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As previously noted (3), both a-IFN and y-IFN could be produced by PBL of HSV-1 immune subjects when cultured with HSV-1 antigen in vitro. In order to determine the IFN species generated in RHL patients, we measured a-IFN and y-IFN in samples that exhibited over 12 U/ml of total IFN activity. A positive correlation was observed between cytotoxic activity for HSV-1-infected autologous cells and mean a-IFN titer, however, the differences within the group were not statistically significant (Table I) . On the other hand, a significant negative correlation was observed between high cytotoxic activity (>30%) and y-IFN levels. Samples with cytotoxicity of less than 20% had significantly higher y-IFN than samples with high cytotoxicity ( p < 0.05). No significant correlation was observed between IFN levels and cytotoxic activity for K562 targets (data not shown).
DISCUSSION
In the present studies, IFN production was consistently observed in the PBL of patients with RHL, during both acute and convalescent phases of the disease. However, we did not detect any IFN activity in PBL cultures of HSV-1 antibody seronegative Samples of subjects with RHL and HSV-1 seropositive controls that exhibited over 12 U/ml of IFN titer were collected.
$ IFN titers (U/ml) were assigned a portion of reduced levels with anti-a-IFN or anti-7-IFN antibodies treatment.
and in about 50% of antibody seropositive control subjects. These observations are somewhat different from earlier studies by other investigators (2, 4, 9) , which suggest that interferon production may be depressed during acute phase of RHL, and IFN may be produced spontaneously in nonstimulated PBL cultures of subjects during convalescent phase of RHL. It must be pointed out that different laboratory approaches were used in the studies reported herein. The use of suboptimal HSV antigen concentration for IFN production and longer (6 day) in vitro culture procedures to elicit maximal cytotoxic activity to HSV-1 used in our studies may partly explain the differences reported above.
Of particular importance is the observation that the magnitude of y-IFN activity generated exhibited a significant inverse correlation with the level of HSV specific cytotoxic responses against autologous target (Table I) . However, the NK or NK-like cellmediated cytotoxicity appeared to manifest increasing activity with increase in total IFN production in the culture system. We have previously shown that this nonspecific cytolysis was mediated by both Leu-1 1' NK and Leu-1 1-NK-like cells (8) . Other investigators have shown that the addition of exogenous IFN enhance NK cell activity (1 1). In studies by Biron et al. (17) NKlike activity was also reported to appear concomitantly with IFN in T lymphocytes cocultivated with an Epstein-Ban-virus transformed lymphoid cell line. Our results provide additional evidence for a clearcut relationship between IFN and induction of NK or NK-like cell-mediated cytotoxic activity. Based on these studies and the data summarized above, it is suggested that the relationship of IFN production to induction of cell-mediate3 cytotoxic responses is complex and often variable. Clearly, hig.1 levels of total IFN are associated with increased level of NK or NK-like cell-mediated cytotoxicity. However, increase in the concentration of y-IFN did not affect generation of virus specific cytotoxic activity against autologous targets. Thus, it appears that different species of IFN may play different regulatory roles in modulation of various cell-mediated cytotoxic (virus specific or nonspecific) mechanisms in man. It is plausible that the y-IFN produced by the HSV immune cells may act as an autoregulatory molecule to inhibit the T cell proliferation. Such proliferation appears to be necessary for virus specific precursor T cells to expand and subsequently function as effector cytotoxic cells. This putative antiproliferative activity has been reported especially for y-IFN, which seems to be 100 times more potent than a-IFN (18) . Therefore, it is possible that this phenomenon described in vitro with cells from patients with recurrent herpes labialis may function in vivo to lessen the tissue injury and thus aid in the resolution of the infection.
